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LOW COST, LIGHTWEIGHT, SINGLE AXIS TRACKING SYSTEM
FOR UNMANNED VEHICLE APPLICATION

Arthur Sullivan and William C. Turner
Electro Magnetic Processes, Inc.

9616 Owensmouth Avenue
Chatsworth, California 91311

ABSTRACT

Recent events in the Falkland Islands, and in Israel/Lebanon, have made the tactical use of
unmanned airborne vehicle systems a practical reality

The control of the unmanned vehicles requires a radio uplink, a downlink for vehicle
position determination, for telemetering monitored events and functions, and, in some
instances, transmission of television or other information. While for some situations the
ground antenna can be fixed, the majority of today’s applications require a steerable
antenna. This is dictated by the fact that a high gain (and therefore, narrow beam) antenna
is required for maximum range, and that for most scenarios, vehicle position must be
determined.

The increasing use of unmanned vehicles indicates the need for a low-cost tracking
antenna system. Use of the tracking antenna in transportable and/or mobile systems calls
for a lightweight system. A two-axis antenna, in addition to being heavy, is more than
twice the cost of a single-axis tracking antenna system. Slant range of the vehicle is
determined by the use of a ranging tone and ground range is determined by comparing
altitude data telemetered back from an on-board altimeter with slant range. Complete
positional data are obtained given the ground range and the bearing angle from the single-
axis tracking antenna. A microprocessor-based antenna control unit allows all systematic
errors of the antenna system to be calibrated out of the angle data. A binomially fed,
linearly polarized, folded pillbox horn antenna, having extremely low sidelobes, permits
wide angle acquisition, and high elevation angle tracking without introducing bearing angle
error. The use of graphite fiber materials for antenna and rotator construction provides
savings both in cost and weight. A newly developed lightweight and low-cost single-axis
tracking antenna that utilizes all these techniques is described in this paper.



INTRODUCTION

The increasing use of unmanned Remotely-Piloted Vehicles (RPV) in a tactical
environment has given emphasis to the need for a truly low-cost tracking antenna system.
Most scenarios require that the position of the airborne vehicle be known which, typically,
would indicate the tracking of the RPV with a two-axis antenna; knowing the RPV’s
range, together with the elevation and azimuth angle information provided by the tracking
antenna, permits location of the vehicle in space.

Since all applications do not require the precision that can be obtained using the two-axis
approach, and because two-axis antennas cost more than twice that of a single-axis
tracking antenna, EMP has developed an extremely low-cost single-axis tracking antenna
with a relatively narrow azimuth beamwidth and a very broad elevation beamwidth (See
Figure 1). The broad elevation beamwidth permits tracking to high elevation angles, while
the narrow azimuth beamwidth provides the required gain and acquisition angle.

Construction of the single-axis tracking antenna, both antenna and the azimuth-only
pedestal, is of molded carbon graphite composite materials; the only metal used is in the
obvious places such as bearings, motors, where high electrical conductivity is required,
etc. The result is an antenna/pedestal subsystem that weighs in at only 75 pounds - a highly
desirable property considering the number of transportable and mobile systems being used.

The antenna is controlled using EMP’s newly developed microprocessor-based ACU-6
“smart” antenna control unit. This unit, described in a companion paper, permits
calibration out of the angle data all systematic errors, and is available with a wide variety
of programmable functions. Interface with the “outside world” is by means 14-bit parallel,
RS-232C, or IEEE-488 busses.

ANTENNA

The antenna selected for this application is a folded “pillbox” consisting of a three probe
feed illuminating a section of a parabolic cylinder which feeds a folded horn flared at the
aperture to obtain the desired elevation coverage. Elevation 3-dB beamwidth of the L-band
antenna is 85 degrees, providing better coverage than is obtainable with the traditional
cosecant-squared (Csc2) antenna without the loss of gain that results from spoiling the
parabolic beam; sidelobes, at 25 dBp or better for the composite pattern (sum and
difference) are very much better than obtainable with a Csc2 antenna. Low sidelobes are
achieved by feeding the three probe feed in a 1-2-1 binomial distribution using all three
probes to generate the sum and the outer two to generate the difference outputs, resulting
in optimal illumination of the parabolic cylinder both for sum and for difference. This is
shown in the patterns of Figures 2 and 3.



Tracking is accomplished using the single-channel monopulse technique in which the
difference pattern is combined with the sum pattern alternately in phase and out of phase
by means of a “scan modulator.” Combining is done through a 12-dB directional coupler,
the output of which is an amplitude modulated signal. The amplitude-modulated signal is
compared with the reference signals, generated in the scan driver, in a phase-sensitive
demodulator; the magnitude of the detected output is representative of how far off
boresight the RPV is, and the phase of the output is representative of which direction off
boresight. This “error” signal is digitized, smoothed by the microprocessor, converted to
an analog voltage, and applied to the servo amplifier which drives the antenna toward the
null of the difference pattern. Vertical polarization has been selected for the tracking
antenna rather than circular polarization because only vertical results in a boresight plane,
i.e., the tracking null retains its azimuth position as a function of elevation angle; such is
not the case for circular polarization. Experimental data show that with circular
polarization, the tracking null “wanders” in azimuth as a function of the target’s elevation
angle thus introducing errors in the angle data.

COMMAND AND RANGING

When an L-band uplink is required, an integral diplexer permits transmitting of up to 100
Watts of power for commanding the RPV and for transmission of a ranging tone without
affecting any received data or the tracking function. Position of the RPV is determined by
comparing the slant range with its height as determined from the telemetered output of an
on-board altimeter. Ground range is found trigonometrically; this function is performed by
the ACU-6 antenna control unit using optional firmware. Vehicle position is given in polar
coordinate form (R, 2) where 2 is the azimuth (bearing) angle determined from the
tracking antenna.

Figure 4 is a system block diagram showing the diplexer and command transmitter as well
as the tracking and data portions of the system. System specifications are given in Table 1.

CONSTRUCTION

Both antenna and single-axis pedestal are, to the greatest extent possible, fabricated from
carbon graphite composite materials. The composites are extremely strong, stiff and light
in weight, and are considerably superior to metal. Compared with aluminum, for example,
the stiffness to density ratio and the strength to density ratio are 2:1 and 5:1, respectively.
This means that, for the same thickness material, the structure is almost three times as
strong and weighs approximately half as much as aluminum; damping properties are
improved approximately by a factor of two, resulting in better servo response.



CONCLUSIONS

A very low-cost and lightweight single-axis tracking antenna for use with RPV’s has been
described. The system is constructed primarily of graphite composite materials resulting in
high strength, low weight and low cost. A vertically polarized folded pillbox antenna
results in a wide elevation beamwidth permitting tracking to high elevation angles with
greater azimuth data accuracy than is possible with circular polarization. RPV position is
determinable by use of a ranging tone and an arithmetic processor. The lightweight unit is
ideal for transportable and mobile systems.

TABLE 1

SYSTEM SPECIFICATIONS

Parameter Value

Frequency Band 1435-1540 MHz*

Tracking Error 0.8 Deg. Peak to +65 Deg. Elevation Angle

Antenna Gain 15 dBi

Beamwidths (3 dB)

Azimuth
Elevation

(Nominal)

13 Degrees
85 Degrees (Tilted to +20 Degrees)

Polarization Vertical

Azimuth Velocity 20 deg/sec, Nominal

Azimuth Acceleration 40 deg/sec, Nominal

Acceleration Error Coefficient 9 sec-2

Azimuth Travel Continuous

Antenna/Pedestal Weight 75 Pounds (34 kg)

Antenna Control Weight 30 Pounds (13.6 kg)



Environment

Wind Operating
Wind, Stowed
Temperature
Humidity
EMI
Exposure
Shock
Vibration

50 MPH (80 km/h)
125 MPH (201 km/h)
-10 Deg. C to +55 Deg. C
96% (MIL-STD-810B, Method 507)
Requirements of MIL-STD-461, Notice 3
To MIL-E-16400
12G, Half Sine Wave, 11 mSec Duration
MIL-STD-810B, Method 514.1 Curve AW

*Command Uplink at Frequencies of 400-450 MHz or other bands also available.



FIGURE 1 - UNMANNED VEHICLE TRACKER SHOWING
P-BAND UPLINK



FIGURE 2 - SUM AND DIFFERENCE PATTERNS



FIGURE 3 - AZIMUTH COMPOSITE PATTERN



FIGURE 4 - DIPLEXER DIAGRAM


